- RICH SYSTEM Doc.: RICSYS-ED-CGS-001

S0 DT

v Issue: 2 Date: June 2008
CARLO GAVAZZI SPACE Spa ACCEPTANCE DATA PACKAGE | SECTION: 21 PAGE: 1 OF 1

S —
—

PROCEDURES

I

—— e
—

LIST OF DOCUMENTS INCLUDED IN THIS SECTION:

DOCUMENT NUMBER ISSUE TITLE

RICSYS-PR-CGS-007 3 RICH FM VIBRATION TEST PROCEDURE

: All information contained in this document are property of CARLO GAVAZZI SPACE SpA. Al rights reserved,

Mod. N° ADP-58-03/05 {Instructions: doc. GD-WI-CGS-008)



CARLO OMEET)

RICH SYSTEM

' I
ALE ARCETY ©
CARLO GAVAZZI SPACE SpA ORIGH
Tipo Doc.: N°DRD
Doc.Type: [ ROCEDURE DRON: NA
N°Doc.; Ediz.: Data: Pagina Di
Do N RICSYS-PR-CGS-007  |e: 3 |pater 20/08/2007 |page” 1 o 50
Titolo : RICH FM VIBRATION TEST PROCEDURE
Title :
Nome & Funzicne Firma Data LISTA DI DISTRIBUZIONE Al
Name & Function Signature Dale DISTRIBUTION LIST
Preparato da: - & \ fa Intema / internal
e | A Bursl (oTMT) LAZ@»J By |2Z(o8log
Approvalo da: Clnquepalmi C. (PG/CC/) Z«I?' / ?/ O?’
Approved by: & ﬂ -q_[ @Olf'
A Cremonesl L. (PA/SF) é
Molina M. (DT/MT/) 2‘?/ E/ ao}
Olivier M. (DT/MT/) {/( U/ Licae (708}
Applicazione Olivier M. (DT/MTH % - I Estema / External
aulorizzala da: ’ -OJ Vi |2/ 03-
Application ASI X
authorized by: INFN BO
Customer / Higher Level Contractor
Accetlalo da:
Accepled by:
Approvalo da:
Approved by:
N=Numero dl copie A=Applicazione I=Informaziona
=Number of copy A=Application I=informaiion

Gastione docum

Data Management.

enli:

el 22\ 31

N—Firma f Srgnafure

Data / Date

File:

RICSYS-PR-CGS-007_issue_3.doc

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA: Tulti i diritti sono riservati
All information contained in this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.




CARLO GAVAZZ| SPACE SpA

RICH SYSTEM

N°Doc:
Doc e RICSYS-PR-CGS-007

Bdiz: 3 Data 50872007

Issua: Date;
RIGH FM VIBRATION TEST PROCEDURE Pagina d g
Page of

REGISTRAZIONE DELLE MODIFICHE / CHANGE RECORD

EDIZIONE DATA AUTORIZZAZIONE | OGGETTO DELLA MCDIFICA E SEZ!ONI AFFETTE
ISSUE DATE CHANGE AUTHORITY | REASON FOR CHANGE AND AFFECTED SECTIONS
1 01/10/2003 First emission
2 18/11/2003 Updaled “success criteria” chapter (pag 12) and “step by slep” table
{pag 23)
3 20\08\2007 Added clarifications on test setup and tesl predictions.

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of GARLO GAVAZZI SPACE SpA. All right reserved,




N°Doc:
RICH SYSTEM Docn+ RICSYS-PR-CGS-007
Ediz.; Dala:
Issue: 3 Date: 20/08/2007
RICH FM VIBRATION TEST PROCEDURE Pagina di
CARLO GAVAZZ| SPACE SpA Page 3 of 50
LISTA DELLE PAGINE VALIDE ! LIST OF VALID PAGES

PAGINA | EDIZIONE | PAGINA | EDIZIONE | PAGINA EDIZIONE | PAGINA | EDIZIONE | PAGINA EDIZIONE

PAGE ISSUE PAGE ISSUE PAGE ISSUE PAGE ISSUE PAGE 1SSUE

1-50 3

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutli i diritti sono riservati,
Al information contained in this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.,




N°Doc:
Doc N+ RICSYS-PR-CGS-007

RICH SYSTEM

Bdiz: 3 D2 5510812007

Issue: Dale:
RICH FM VIBRATION TEST PROCEDURE Pagina di
CARLO GAVAZZ! SPACE SpA Page 4 of 90
TABLE OF CONTENT

LIST OF TABLES ...ttt ettt n s st en s e sne e e e et e et e e e e s eeereoesee st s eoe et ee s oo ee e esean e 5
LIST OF FIGURES .....eoicie vttt essssas et st s bemtaressese st sneasssasssssssosstensesssnsasessseseesestesssesseeseeeenn 5
1 LT 000 ] P OO 6
2. DOCUMENTS ..ottt cee s e ctsransvases astseses 1hsese s e saseramsans sosenss seseesmess Bbbenses savsnsensesmssesmssntssessesssnsssemnne e s [
2.1 APPLICABLE DOCUMENTS ...ttt st se e s b s e st e s e et et seseemssme st eraseones e semssretssessesasssnnns 6
2.2  REFERENCE DOCUMENTS ..ot stesssstesbeseeeaeeseesaeeamsasssnseesesesensesssossasessssssssesseesesssretsses s 6
3. ACRONYMS ...ty e rrmr e et e sessae ses s se e e bR re s 0000 b0 E 044080000 e s memea s eesms e bOesOts bt et en e tetemen e e smesse e 6
4 TESTED ITEMS......o ot rrentiissssissi i cen st einiatssrsassessnssssssessesseesasassessse sessessrsnsss satenssssnsseseeon nssmsnesnessessessnsstoensses ri
5 TEST OBUECTIVE cveciiiiireriinrersriseeseesseseessssesssstesisssssrasesnssssssssssnss e sassnssasassmssnssssssseses sesssseotosessssssesmssssnssnssesssns 9
6. FACILITY DESCRIPTION ... iiinntiirisssentisbaisses e smsessase s snanes sasasssesasensnsssanss srmesssessessnensonsssmmesse roseesssssesson 9
6.1 TEST SETUP (SHAKER AND SLIDING TABLE) ..ottt sttt e eme et e st sesesassee e essese e s e e eme s 9
6.2  FIXTURE CHARACTERISTICS ... oottt eeee e vere v vanseesesastassansassnnsesssnsssssseeees e e e e e e e e eeeseeeems i 10
6.3 ACCELEROMETER CHARACTERISTICS ..o i ireiitiesseeteeeeseeseeeessereasessemeemssssessssssssesssssssssses st eseseeeee e 2
1. TEST CONDITIONS ..ovtiiitiisiinmrirereseeseeieesmeserevassessesssssssssssessesssssest s smssnssas sessessasmenses ssnssesrnssense seesonssenssesseses 12
8. TEST RESPONSIBILITY .ocitissinimrnenrerererseesensmsrsesssssssssssessesatssessasseses sas sanssssessesnsessssns ssssessssssossnssseoseessssessesesees 12
9, SUCCESS CRITERIA...coictiuiuttrmiremniesrissmseeesseressrssesssseossesressesessssssttossasstsesansesssnessonsessessssss semeemnmsesemsmmsn ssesen s 13
10. OPERATIONAL RESTRICTIONS .....ooic i irtectimrsirmcesrseesmessnessenssssssssssstotersssnseressss sassesssssesssessesnmn semmesmsmeseenssson 14
10.1 RICH HANDLING ...t e tme st s st s bt st a s see e e e et e st e s ee e e teeer e st et te e e e e e e e oo 14
10.2 RICH HOISTING FIXTURE ..ottt eere v eveseeseeesessneaansesessnssssssessems e es ot et et eeeeeeeeeeeess e . 15
11.  PARTICIPANTS REGQUIRED...ccccitiettmirrresermeestseesmresrmsssssncesssrsssssessssssnsssssttesssnnosesssssnesssssssssssssemss seeseenssssossss 16
1.1 GENERAL. ..ttt et e e st s eat s e e et e s eteseesesasemet e e e Rt snstatee st e set et et e eee e s e e eees e e 16
11.2 QA WITNESS OF TESTS AND SIGN=OFF oottt s veeesetese e s tetesss it e oo et e 16
12.  NON-CONFORMANCE AND FAILURES ........ccocecrtieennissenesssenissesisseremsessessns sostssossssesnnsstensssessssnssesssste sstemmsen s 16
13. CALIBRATION REQUIRENMENTS .....ociiuiesiiinsessiereisessnsssninssressssessmsasnsssssssentesmen sessars snossasssssesssssess somne s smnsenons 16
14, MEASURENMENT ACCURACY ..iciiririiinsiisesrerminsssnsesirrasssesnssssesessssss seastonns nmssessenssensnsssnsssssstsemmsns somseeen s sssns 17
15. TEST PROCEDURE VARIATION SHEET ..........occcovrinienaiensiosssrsesesssssessssssasssssesesesssrsssesesssssssesnssessessssessrns 17
16. GENERAL PROCEDURE.........cmteciciensniterinesssssessisssesssesssnssssssss sss sossasmsssssssesertessnsssossnssossnssnssssssesseesasss 19
17, TEST LEVELS ...ttt nrrreniiste i b e e ssvsss e sesa s e sea st sa st o s sase s e eanrenses st stmms e snessesevasnsseasesntssesosssss 19
171 RANDOM TEST LEVEL (MEFL) wovvveoeeorerorsaserseereseeeeesssesessessessssessesssssssseeeeeeesesesse oo 19
17.2 RANDOM TEST AXES ...ttt sne et e sare s evssas 1ot s sbeea e s seee et eatesee e e see st et s eeee oo e e eeoo 21
17.2.1 TEST LEVEL FOR RESONANCE SEARCH .....coit ittt veseereeeeesanesssssess et st e e e eee oo 22
18. UUT ACCELEROMETER DISPOSITION ....ccccetitinneenieenisessssssersnsrsssesssessarsssssesssmessnsssesasssssnsssssssasss s seemmmmnses 23
19. RICH FM FLOWUCHART: .....oivcimicminiimmmiaiscnmsieiesmemessesseessasesossersansrasstssesssesesnsesns s ssessssnssssessessmmmnnssmnesssss 28
2 ) R N (T e e S N 29

Questo documento contiene informazioni di proprietad di CARLO GAVAZZ! SPACE SpA. Tutli | diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




N*Doc:
Docne RICSYS-PR.CGS-007

RICH SYSTEM

Bdz. 3 Da& 501082007

Issue: Date:
RICH FM VIBRATION TEST PROCEDURE Pagina di

CARLO GAVAZZI SPACE SpaA Page of 90

201 NOTCHING FOR PMT ACCELERATION .....ccouiuieiiiriteicicectse e ssesere s ss st eseseeseeeesenesenessesesssssemssesesans 29

202 NOTCHING FOR COG ACCELERATION .....cciiiiiiieeririis ettt seese s eeeeseeteeesses st s essnnaens 30

20.3 NOTCHING FOR REFLECTOR ACCELERATION.......cotietiitceeris v orrsessstasesssesseams st seesesensssessnesns 34
21.  VIBRATION TEST PROCEDURE (STEP BY STEP)......uccicviccerieresuercesssseneseesssssssosssssssessssssses sessessessesesssenns 49
LIST OF TABLES
Table 9-1: SUCCESS CHEBIIA .......c.oreiee ettt sttt ee e s e e sttt st s e s saseeeeeeeeeaesees e st aneetenessssssens 13
Table 17-1: Maximum Expected Flight Levels for the Alpha Magnetic Spectrometer — 02 X AXiS ......ooocvovvevevennn. 19
Table 17-2: Maximum Expected Flight Levels for the Alpha Magnetic Spectrometer — 02 ¥ AXiS ......ccooeeevervinnn, 19
Table 17-3: Maximum Expected Flight Levels for the Alpha Magnetic Spectrometer — 02 Z AXIS .......oooveerrrvvran., 20
Table 17-4: Alpha Magnetic Spectrometer — 02 Axes and RICH teSt aXes ..c..occovvivvveeeeeeee e eevores et et e 21
Table 18-1: ACCelEromMEErS QISPOSIION......civcve ettt e e esre s sve st eesaee s sess et saeass s eesten e emeereseesesme et eeeees 23
Table 20-1 Acceleration limit for the lower skin MeasUremMent POINES ........occooeoieevee et s e s s e e s 29
Table 20-2 CoG acCelEration MIMIT ..o e s ettt etete e e sese s e s e st st st e e e e st s 30
Table 20-3 Scale faclors to determine the CoG acCeleration IBVEIS..........oooveve oo i eeee e e er et seeas 30
Table 20-4 Reflector acCeleration M .........c..vc s e e e s sttt eaeee e e e e es st esesnees 34
LIST OF FIGURES
Figure 4-1: Model Of the UUT ..ottt st ssse st s e b st s e e e et nae s s s e eeens 7
Figure 4-2: UUT DIMENSIONS ........ccooiiiieiteitiistete e e e bt sttt bt o eas e et e e et eneenes sesasaseneanes 8
Figure 6-1: Shaker in position for the X and Y directions of fest.........cccoiiiiiiiii et 9
Figure 6-2: Shaker in position for the Z direction of 18St.........c..c oottt 9
Figure 6-3: FIXIUTe DESION ...c.ovoviiecc ittt se st s b s bbbt et st e emn e reran 10
Figure 6-4: RICH- FIXURE IV PAHEI ..ottt ee s b sssa oo e e eresrsesea s e e e eesessntsse st tasans 11
Figure 10-1: RICh hoiStING fIXEUIE .....cooviie et s sbs st e e e e 15
Figure 17-1: Test Random Vibration Levels X, Y ant Z @XeS.........cccccvurririrvieininieceeese e seseseeeeeesesesensessesssensssene 20
Figure 18-1: Pilot AcCelerometers diSPOSIION ..o s et e e s e ee st s e st e e seeevesen e e sassns 23
Figure 18-2: Grids Accelerometers dispoSItion................coiiciiiininicre st eas s rsene 24
Figure 18-3 External Structure accelerometer SUGQested POSIHON.........oooev e et e s s et e snons 25
Figure 18-4 Reflector accelerometer POSIHION..........ccouii it e s et s ee e e s e e e et s e e e s s eresessrsaessnaas 26
Figure 18-5 Debris shield accelerometer SUGQEStEd POSIION. ........ovciiiier et esee s se e s e ees s e s et s st st eme s 27
Figure 20-1 X-INput: MP7 oUPUL VS COG TESPONSE ...c.ceieiecteev ettt vresveteeseeereeseesaesmsssesess st s st eresreseesenreseeeas 31
Figure 20-2 Y-Input: MP9 oUIDUL VS COG FBSPONSE ...c.ovviveeeeeceiece st st aeseae sttt st s st resesenseeseeeees et sessasens 32
Figure 20-3 Z-Input: MPB OUIDUL VS COG TBSPOMSE .......c.covmmrereiereririinieeet e ssesas s s e senebetasb s stas e eene v sem s sasanes 33
Figure 20-4 X-INPUt MP12 XY Z OUIPLES .....ooiiiiiiiiiieeceee ettt svees et sesaee et e et e e er e saassesseeseseese e st ss oo 36
Figure 20-5 Y-INpUt MP12 XYZ OUIDULS ...o.o.ooo it s s s stesse st e em e nean 37
Figure 20-8 Y-INPUt MP 12 XYZ OUIPULS .....coooie ittt sn s sttt s s se s e sbaen et e s s e s e sssm s seseeas 39

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritli sono riservali,
All information contained in this document are property of CARLQO GAVAZZI SPACE SpA. All right reserved.




CARLO GAVAZZ| SPACE SpA

RICH SYSTEM

N*Doc:
Doc s RICSYS-PR-CGS-007

Bdiz: g Daa o50812007

Issue; Dale:

RICH FM VIBRATION TEST PROCEDURE Pagina

6 d 5o

of

Page

1. SCOPE

This document defines the procedure to tesi the RICH SYSTEM FM for the vibration environment. Qualification of
the design shall be accomplished using Flight Model hardware. The objectives of the test shall be to verify all the
specified performance of the hardware assembled with flight materials and components under applicable
mechanical environment and I/F conditions:

No structural yielding or failures. (AD 1).

No functional degradation due to vibration loads (AD 1).

2. DOCUMENTS

21 APPLICABLE DOCUMENTS
AD # Document Number issue/Date Rev. Title/Applicabllity
Alpha Magnetic Spectrometer - 02
1 JSC-28792 " DEC, 2001 B Structural Verification Plan for the Spacé”
Transportation System and the International
Space Station
2 1/020/03/0 Allegato tecnico-manageriale CGS al contratto
[EREE AMSO2/RICH/TOF/ECAL

2.2 REFERENCE DOCUMENTS

RD# Doc Number |lssue| Date Rev Title

1 GD-PL-CGS-001 | 3 | 17/03/99 n/a Product Assurance & RAMS Plan
2 ECSS-E-10-03A | nfa | 15/02/02 nfa Space Engineering - Testing

3. ACRONYMS
A.D. APPLICABLE DOCUMENTS
FEM FINITE ELEMENT MODEL
FM FLIGHT MODEL
IfF INTERFACE
MEFL MAXIMUM EXPECTED FLIGHT LEVEL
QM QUALIFICATION MODEL
R.D. REFERENCE DOCUMENTS
UuT UNIT UNDER TEST

Questo documento contiene informazioni di propriela di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservali,
All information contained in this document are properly of CARLO GAVAZZI SPACE SpA. All right reserved.




RICH SYSTEM

N*Doc:
poc e RICSYS-PR-CGS-007

Ediz.: 3 Dala: 20/08/2007

Issue: Date:
RICH FM VIBRATION TEST PROCEDURE Pagina di

CARLO GAVAZZI SPACE SpA Page 1 of 90
4, TESTED ITEMS
Tested item, called UUT is:

Drawing Number/Part
MODEL iITEM C.l. Number SIN NOTES
FM RICH-SYSTEM (ICD) NA 10-RICHSYS-00.001 1

The agreed test configuration with INFN is composed by the following sub-items:
CGS tested Hardware :

Main structure (FM)
Secondary structure (FM)
Mirror {(FM)

TCS components (heaters an thermostats FM)

INFN tested Hardware:

Assembled PMT grids (FM)

Electronics (FM)
Harness (FM+dummies)
Debris shielding {FM)

0 VIR
NCT 1N SCALE
Y

Figure 4-1: Model of the UUT

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
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Figure 4-2: UUT DIMENSIONS

For the UUT, mass property and envelope are:

Mass: 179.9Kg (+\-10%)

Dimension: 1405mm length, 1410mm width and 619.4mm height

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tultii dirittl sono riservali,
All information contained in this document are property of CARLO GAVAZZ| SPACE SpA. All right reserved.
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5. TEST OBJECTIVE

This test is required to demonstrate the unit to withstand the MEFL, to verify the absence of material-workmanship

defects.
The UUT shali be subject to a visual inspection before and after test.

Functional check shall be performed before and after test campaign by the AMS-02 collaboration.
THE UUT SHALL BE POWERED OFF DURING VIBRATION.

6. FACILITY DESCRIPTION

The vibration tests shall be executed at INTA (Madrid) external laboratory in a proper area.

6.1 TEST SETUP (SHAKER AND SLIDING TABLE)
For Z direclion vibration a shaker shall be used, for X and Y direction a sliding table shall be used,

The shaker and sliding table characleristics shall be annexed to the test data report as provided by the test
laboratory.

Shaker
in horizontal posilian (x,y-dlr)

I

o

] | .

S [T
N _J/i I Direclion

| I | I of y-excilalin

R R RS R f{mzmg

Figure 6-1: Shaker in position for the X and Y directions of test

Shaker in
verlical posilion
(z-diry

Direclion

ol z-exclialion

Figure 6-2: Shaker in position for the Z direction of test

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutli i diritti sono rservati,
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6.2 FIXTURE CHARACTERISTICS

The test adapter is designed to guarantee that the input vibration levels are transmitted from the exciter to the UUT
without relevant amplification/degradation.
Moreover the selected design allow to install the RICH on the shaker without dismounting the reflector between one

axis and the other.
The picture of the fixture is shown in Figure 6-3, and the RICH I\F pattern is shown in Figure 6-4.

Figure 6-3: Fixture Design

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.
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Figure 6-4: RICH- Fixture NF Pattern

Threaded inserts for NAS 1351-5 bolts shall be used.

Threaded inserts length shall be 2d minimum.

Questo documento contiene informazioni di proprietd di CARLO GAVAZZ| SPACE SpA. Tutti | diritti sono riservati.
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63 ACCELEROMETER CHARACTERISTICS

The accelerometer characteristics shall be annexed to the test data report as provided by the test laboratory.

7. TEST CONDITIONS

The UUT shall be mounted on the vibrator exciter by bolting it onto a rigid fixture in launch configuration.

The transmissibility characteristic of the rigid fixture will guarantee that the input vibration levels are transmitted from
the exciter to the unit without relevant amplification/degradation (Table 9-1).

The UUT shall be powered QFF for all the test duration.
Unless otherwise specified, all the measurements are 1o be performed at the following ambient conditions:

Temperature; 20T 5T
Relative humidity; 60% +20% RH
Pressure: Ambient
Cleanliness Visibly clean

8. TEST RESPONSIBILITY

CGS is responsible for the application of all requirements stated in the applicable documents.

The technical responsibilities for testing and test results is of the Engineering department.
Project and test managers are responsible for the test program. The test engineer is responsible for the correct
execution of the test program and for the fulfillment of the requirements, for measurement and recording and for the

preparation of the test report.
Laboratories General disposition shall be applied to maximize personnel safety from potential hazards.

INFN skilled personnel shall provide support to handling and UUT preparation and shall be responsible for the INFN
provided hardware under test { see chp 4 ).

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZ] SPACE SpA. All right reserved,
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9. SUCCESS CRITERIA
9.1 MECHANICAL CRITERIA
The random vibration tests shall be performed in the following way (for each axis):

M SUCCESS CRITERIA

The transmissibility characteristic of the rigid fixture will guarantee that
Fixture calibration the input vibration levels are fransmitted from the exciter to the unit

without relevant amplification/degradation (less than 3dB between 5 and
500 Hz and + 6 dB between 500 and 2000 dB).

No relevant amplification below 50Hz

Resonance search before
random vibration

WM level random vibration No structural yielding or failure
Resonance search after No relevant differences with respect to the previously recorded sine
random vibration resonance search data (15% on frequency shift, 30% on amplitude)

Table 9-1: Success criteria

Functional tests shall be carried out before and after the overall vibration test campaign.

9.2 FUNCTIONAL CRITERIA

Functional tests shall be carried out before and after the overall vibration test campaign by collaboration personnel.
The flow chart (see chapter 18) highlights that a functional test will be performed at CIEMAT (Madrid); afterwards,
the UUT will be the transported to the vibration test site, where the presence of the documentation slating the
results of the functional test will be checked and noted in the “step by step” RICH FM VIBRATION TEST REPORT:
this will be the required input to start with the vibration test.

After the vibration test, whose mechanical success criterfa has been defined in the previous paragraph, the UUT will
be transported to the aforementioned collaboration site, where the second functional test will be performed.

The success criteria for this test is the following cone:

Functional test No more than 2% of RICH detector PMTs damaged after vibration test

Table 9-2: Functional success criteria

A report of this test, stating the result about the aforementioned criteria, will be sent to CGS by the collaboration
personnel,

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tulli i diritti sono riservati.
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10.0PERATIONAL RESTRICTIONS

All used instruments shall meet the necessary accuracy and shall not degrade the UUT performance.

10.1

RICH HANDLING

Lifting and handling of the RICH shall be performed under supervision of INFNVAMS-02 Collaboration

responsibles using dedicated hoisting fixtures.

Latex gloves will be used.

All the assembly activities related to the mirror and debris installation shall be performed by skilled

collaboration personnel and CGS personnel.

Alcool and other volatile solvents cannot be used near to the RICH for sensitivity of the used materials of

the light guides.

The Light guides and mirror shall be protected between one vibration run and the other covering the UUT.

Adequate protection means for contamination during operations in the vibration Facility shall be provided by

the Collaboration
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10.2 RICH HOISTING FIXTURE

The following dedicated hoisting fixture shall be used to handle the RICH during vibration test session:

ﬁ; - ! * | | ‘.\ﬁ.
17 ?ﬁ\ ii[l_:q?’.-‘-" :

Figure 10-1: Rich hoisting fixture
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11.PARTICIPANTS REQUIRED
111 GENERAL

All tests shall be performed under QA surveillance in accordance with and following detailed procedure of CGS PA
Plan,

Skilled personnel shall be employed.
The test shall be notified to the Customer as applicable.

11.2 QA WITNESS OF TESTS AND SIGN-OFF

QA inspector , or its delegate, shall witness all tests described in this procedure and shall sign the test data sheet,
only for flight models.

12,.NON-CONFORMANCE AND FAILURES

Any malfunction occurred during the tests shall be processed according to the Non-Conformance Procedure.

13.CALIBRATION REQUIREMENTS

All instruments used for testing shall be calibrated.
Evidence of certification shall be provided by a label attached to the instruments itself, showing the calibration date,

the expire date and the signature of the operator.

[
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14 MEASUREMENT ACCURACY

Test parameter tolerances shall be as follows:
Resonance search.

sweep rate = 2 oct/min +5%. (1 sweep-up and down ), amplitude g
Random vibration.

frequency: £2%

power spectral density:

- 20 to 500 Hz (fiter bandwidth 25 Hz or narrower) +1.5dB
- 500 to 2000 Hz +3.0dB
- Overall grus +1.5dB

15.TEST PROCEDURE VARIATION SHEET

In case that for any reason the test procedure has to be changed, the change shall be described in a Procedure
Variation Sheet (PVS) as shown in the next page.

The PVS shall contain:

Reference to the test procedure to be changed

Reference to the relevant test, procedure page and paragraph
Description of the change, possibly in the form was....is.....
Reason for change

Test Engineer, QA, Test conductor signatures and dates
Customer signature and date (when required).

Each PVS shall be identified by a reference number provided in sequential order.
All the generated PVS shall be collected in a dedicated section of the Test Report.
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PROCEDURE VARIATION SHEET  ref. N®

Test Procedure Ref.: Page Revised: Paragraph Revised:

Description of Change:

Reason for Change:

CONCURRENCE
Tesi Cond. QA Systemn Eng. Customer
Dale Dale Date Dale
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16.GENERAL PROCEDURE

For each vibration axis the following sequence is applicable:

s Fixture callbration

Resonance search before random vibration
WM -3dB level random vibration

[ ]
s WM level random vibration

Resonance search after random vibration

17.TEST LEVELS

In the next pages the complele test sequence to be followed during the test is reported.
It shall be properly filled during test performance and form part - in addition to test results and analysis - of the

relevant test report.

171 RANDOM TEST LEVEL (MEFL)

The Tabie 17-3 shows the Maximum Expected Flight Levels (MEFL) test environment for UUT (from AD1)

X Axis
Frequency (Hz) PSD (g*2/Hz) slope {dB/oct.)
20-58 0.0025
58-125 +9
125-300 0.025
300-900 -9
900-2000 0.001

Composite: 3.1 grus
Duration: 60 sec
Direction: X axis.

Table 17-1: Maximum Expected Flight Levels for the Alpha Magnetic Spectrometer — 02 X Axis

Y Axis
Frequency (Hz) PSD (g*2/Hz) Islope {dB/oct.)
20-90 0.008
90-100 +9
100-300 0.01
300-650 L9
650-2000 0.001

Composite: 2.3 grus
Duration: 60 sec
Direction: Y axis,

Table 17-2: Maximum Expected Flight Levels for the Alpha Magnetic Spectrometer— 02 Y Axis
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Z Axis
Frequency {Hz) PSD (g*2/Hz) slope {dB/oct.)
20-45 0.009
45-125 e
125-300 0.025
300-800 IS
500-2000 0.001
Composite: 3.2 grus
Duraticn: 60 sec
Direction: Z axis.

Table 17-3: Maximum Expected Flight Levels for the Alpha Magnelic Spectrometer - 02 Z Axls

TEST LEVELS
0.1000
’ﬂ
. 0.0100 S —— MEFL X Axis
Ch 7 3.12 gRMS
by / N —— MEFL Y Axls
2 \\\\ 2.28 gRMS
@ 0.0010 \ =—— MEFL Z Axis
3.24 gRMS
0.0001
10 100 1000 10000

FREQ [Hz]

Figure 17-1: Test Random Vibration Levels X, Y and Z axes
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17.2 RANDOM TEST AXES
ANS.DD EXPERIMENT
Y = [yl il Q._ﬁ PAYLOAD
N K}Eﬁ% "~ ATTACH BYSTEM R4S
g S FD E i =
£ PvGF) PLSSIVE HALF
Y 2 i Thick  grid
s . : beams
ik o
T I_ E T
T
orbiter HE FESEEs
Ny o ; -
orbiter ;
Table 17-4: Alpha Magnetic Spectrometer — 02 Axes and RICH test axes
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17.2.1 TEST LEVEL FOR RESONANCE SEARCH

The program for the shaker is explained in the following operations:

o Linear Frequency Scan
a Band: 5-2000 HZ
a2 Scan Speed 2 oct/min (Sweep Up Only)

o Level0.3 g (Peak)

[
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18.UUT ACCELEROMETER DISPOSITION

The following instrumentation plan shall be used. The accelerometers position shall be reported (picture) on the test

report,

SENSOR [LOCATION DESCRIPTION MEASURED AXiS REMARKS
CP1-2 FIXTURE Excited axis + CROSS AXES Pilof on excited axis
MP 1-6 UUT — grids X, YandZ

MP 7-11 UUT = main structure X, Yand Z

MP 12-15 UUT - reflector X.Yand Z

MP 16-21 UUT ~ debris shields X, YandZ

Table 18-1: Acceleromelers disposition.

CP1

Xﬁ

CP2

Figure 18-1: Pilot Accelerometers disposition
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The following figure shows the accelerometer selected areas evaluating the gRMS maps for lower skin.

I
MP 1 s o
C T
- !_4:
MP 2
+
+ 743 mea s
—IFT
B MP 4 LA
1 2 )
aL \—_3 2 e T
Sl _ - ded et 1
A 1| MP5 ] Wi H
L ] T A T
] A L !
e ¥
I q
MP 6 : —

Figure 18-2: Grids Accelerometers disposition
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Figure 18-3 External Structure accelerometer suggested position

The following figure shows the selected position for the reflector to monitor the interface acceleration

amplification on reflector top.
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MP 12

MP 13

IR ER
Lid

Figure 18-4 Reflector accelerometer position

MP 14

MP 15
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MP 21

@ Debris shield measurement polnt

Figure 18-5 Debris shield accelerometer suggested position
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20.NOTCHING

The notching criteria are based on:

e PMT acceptable acceleration;
e Struclural failure preservation.

The PMT acceleration levels are monitored using the acceleration measured on the lower skins.
For what concerns the structural preservation, the RICH SYSTEM structure has been divided in two categories:

1. Primary structure:
« External structure;
e Internal structure;
e Interface Boits.

2. Secondary structure:
s Debris shield;
«  Debris stirrup;
» Debris upper connection;
» Reflector; )
+ Reflector support.

The primary structure is composed by the elements that guarantees mainly the RICH structural integrity, while the
secondary struclure assures the RICH functionality. For this reason two different methods have been used for these
calegories to determine the acceleration limits:

» CoG acceleration limit - Static equivalent method for the primary structure:
* Reflector acceleration limit > RMS analysis for the secondary structure.

20.1 NOTCHING FOR PMT ACCELERATION

Base on the results of the single grid vibration and analytical correlation with the FEM model, a gRMS limit has been
defined for the lower skins measurement points.

This limit shall be used in place of the 6.8 gRMS limit for the PMT bodies that cannot be measured directly to
ensure that the PMTs do not exceed the vibration environment sustained during the single grid vibration.

Direction | Acceleration Limit on lower skin
X 6.18 gRMS
Y 6.18 gRMS
Z 11.3 gRMS

Table 20-1 Acceleration limit for the lower skin measurement points

During low level run the predicted levels shall be checked and extrapolated to full level. Notching shall be proposed
in case the gRMS level measure on the grids shall exceed the calculated limits (MP1-6).
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20.2 NOTCHING FOR COG ACCELERATION

The analytical test predictions provided also the following limits for the measured accelerations at CoG:

Direction | Acceleration Limit to RICH CoG

X 7.3 gRMS

Y 7.5 gRMS

z 9.4 gRMS ]

Table 20-2 CoG acceleration limit

Using the extemnal structure measurement points the RICH system centre of gravity behavior shall be identified and

the gRMS level can be evaluated.

The following figures show the MP behaviour regarding to the CoG res
paragraph 17.1 , while the cansidered MPs are different for each directio

e X-Input: MP7 X output
e Y-Input: MP9 Y output
s  Z-Input: MP8 Z output

ponse. The used inputs are reported in the
n, in particular;

The following table shows the scale factor to correlate the MP gRMS outputs and the CoG responses.

Measurement Points

Acceleration

Scale Factors

Acceleration

Limit to RICH Limit to RICH

CoG (1sigma) MP (1sigma)
MP7 X-X 7.3 gRMS 1.71 4.27 gRMS
MPg Y-Y 7.5 gRMS 1.64 4.57 gRMS
MP8 Z-Z 9.4 Grms 0.7 13.43 gRMS

Table 20-3 Scale factors to determine the CoG acceleration levels,

During low level run the predicted levels shall be checked and extrapolated to full level. Notching shall be proposed
in case the scaled gRMS level, according to the reported response shape, measured on the MP shall exceed the

Table 20-2 limits.
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Figure 20-1 X-Input: MP7 oufput Vs CoG response
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Figure 20-2 Y-Input: MPY output Vs CoG response
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Figure 20-3 Z-Input: MP8B output Vs CoG response
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20.3 NOTCHING FOR REFLECTOR ACCELERATION

The analytical test predictions provided also the limits for the measured accelerations on the reflector:

Acceleration
Limit on
reflector top
[gRMS]
4.74
4.38
1.44
1.04
4.31
2.31
2.84
7.21
17.21

Table 20-4 Reflectfor acceleration limit

Directions

X INPUT

Y INPUT

Z INPUT

NI<IX N[ [N |>

Using the reflector measurement points the reflector support structural integrity shall be monitored. In particular the
MP 12 has not {o exceed the Tabie 20-4 limits.
The following figures show the acceleration response for MP 12, for each excitation direction:
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Figure 20-5 Y-Input MP12 XYZ outputs
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Figure 20-6 Y-Input MP12 XYZ outputs

During low level run the predicted levels shall be checked and extrapolated to full level. Notching shall be proposed
in case the gRMS level, according to the reported response shape, measured on the reflector measurement point
shall exceed the calculated limits.
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21.VIBRATION TEST PROCEDURE (STEP BY STEP)

This paragraph explains all the procedures that shall be performed on the models.
Each test activity is defined in sequence and task by task, including measurement recording to be made,

In lhe sequence procedure is also contained the statement that the test article shail be tested in accordance with
the approved procedure to be signed and dated by Test Conductor, Quality Assurance Representative and
Customer Representative (where applicable).
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